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© Signal coupler. 

© The present invention relates to a signal coupler 
for coupling Plain Old Telephone Service (POTS) 
signals and Asymmetric Digital Subscriber Line 
(ADSL) signals to a common line (TL). In order to 
avoid saturation of Inductances (L1 .L2.L3.L4) of a low 
pass POTS filter (LPF) located between the POTS 
transmitter/receiver (PTR) and this common line 
(TL) when the POTS signal is not sufficiently attenu- 
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ated by this common fine (TL) f a variable impedance 
(SL) is inserted between the POTS transmit- 
ter/receiver (PTR) and this low pass POTS filter 
(LPF). The value of this variable impedance (SL) is 
controlled by a control signal (CS) supplied by the 
ADSL transmitter/receiver (ATR) which measures the 
attenuation caused by this common line (TL). 
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The present invention relates to a signal cou- 
pler including a first transmission branch for a first 
signal and a second transmission branch for a 
second signal, said branches both being coupled to 
a common transmission line, said first signal having 
a first frequency spectrum and said second signal 
having a second frequency spectrum, said first and 
second frequency spectrum being non-overlapping, 
said first transmission branch including the cas- 
cade coupling of a first signal means and a first 
bandpass filter both adapted to said first frequency 
spectrum, said second transmission branch includ- 
ing the cascade coupling of a second signal means 
and a second bandpass filter both adapted to said 
second frequency spectrum. 

Such a coupler is already known in the art, e.g. 
from the contribution Doc. T1E1. 4/94-043 to the 
ANSI/T1 Telecommunications Committee by John 
Cook, BT Laboratories (BTL). Therein, the first sig- 
nal is an Asymmetric Digital Subscriber Line 
(ADSL) signal, whereas the second signal is a Plain 
Old Telephone Service (POTS) signal. The second 
signal means is a POTS receiver/transmitter, 
whereas the first signal means is an ADSL re- 
ceiver/transmitter. The first bandpass filter is a 
highpass filter passing the ADSL signal but bloc- 
king the POTS signal. The second bandpass filter 
is a lowpass filter passing the POTS signal but 
blocking the ADSL signal. 

It is not noted in the latter contribution that part 
of the first signal is lost via the second bandpass 
filter when the common line does not sufficiently 
attenuate the second signal, e.g. when the common 
line is too short. Indeed, when the second signal is 
too strong, the filter characteristics of the second 
bandpass filter change so that part of the first 
signal is lost via the second bandpass filter. Such a 
change of filter characteristics of the second band 
pass filter may occur due to changing characteris- 
tics of elements included therein e.g. saturation of 
an inductor due to a large current or saturation of a 
capacitor due to a large voltage or saturation of a 
resistor due to large power dissipation. 

An object of the present invention is to provide 
a a signal coupler of the above known type but 
wherein loss of part of the first signal via the 
second bandpass filter due to too strong a second 
signal when the second signal is not sufficiently 
attenuated by the common line, is reduced or 
avoided. 

According to the invention, this object is 
achieved due to the fact that said second transmis- 
sion branch includes a variable impedance and that 
said first signal means includes measurement 
means to measure the attenuation caused by said 
common line and to generate a control signal 
adapted to modify the value of said variable imped- 
ance. 



In this way, the impedance is changed to a 
value which is such that the second signal is suffi- 
ciently attenuated to avoid saturation of the second 
bandpass filter. Consequently, even in the case of 
s a strong second signal, the filter characteristics of 
the second bandpass filter do not change, and the 
second bandpass filter blocks the first signal. 

The above mentioned and other objects and 
features of the invention will become more appar- 
io ent and the invention itself will be best understood 
by referring to the following description of an em- 
bodiment taken in conjunction with the single draw- 
ing which shows a signal coupler according to the 
invention. 

75 . This signal" coupler includes two transmission 
branches coupled to a common twisted pair tele- 
phone line TL, over which both Plain Old Tele- 
phone Service (POTS) signals and Asymmetric 
Digital Subscriber Line (ADSL) signals may be 

20 transmitted In both directions. The POTS frequency 
spectrum ranges from 0 to 4kHz, whereas the 
ADSL frequency spectrum ranges from 24kHz to 
1100kHz. A first of these branches includes the 
cascade connection of an ADSL transmit- 
as ter/receiver ATR and a highpass filter HPF. A sec- 
ond of these branches includes the cascade con- 
nection of a POTS transmitter/receiver PTR, a vari- 
able impedance circuit SL and a lowpass filter LPF. 
ATR includes a digital transmitter/receiver DTR 

30 coupled to a modem MOD and a measurement unit 
MM also coupled to MOD. The measurement unit 
MM provides a control signal CS to a like named 
control terminal of SL. The pairs of terminals be- 
tween PTR, SL, LPF and TL are labelled S+ S- . 

35 L+ L- and T+ T- respectively, whereas those 
between ATR, HPF and TL are indicated by H + H- 
and T + T- respectively. 

SL includes an electronic switching unit which 
has two possible states 0 and 1, and which is 

AO schematically represented by four change-over 
switches S1.S2.S3 and S4 having two possible 
states 0 and 1 imposed when CS is deactivated 
and activated respectively. In state 0 of the switch- 
ing unit, i.e. when CS is deactivated, S+ S- is 

45 short circuited to L + L-, whereas in state 1 , when 
CS is activated, S+ S- is coupled to L+ L- via a 
RC impedance network which then connects S + to 
S- via the series connection of a resistor R1, a 
capacitor C1 and a resistor R2 t and which more- 

so over connects S+ to L+ via a resistor R3 in 
parallel with a capacitor C2 and connects S- to L- 
via a resistor R4 in parallel with a capacitor C3. 
The control signal CS thus allows the variable 
impedance of SL to be changed to one of its two 

55 possible values i.e. 0 and the value of the RC 
impedance network. It has to be noted that other 
RC impedance networks may perform equally well, 
provided that they attenuate the POTS signal with- 



3 



EP 0 677 938 A1 



4 



out distortion and that they do not affect the 
lowpass characteristics of LPF. Although in this 
case SL has only two possible values, SL may 
have a plurality of possible values and may even 
be designed so as to be able to smoothly change 
its value between a minimum and a maximum 
value. 

LPF includes the series connection of a resistor 
R5, a series inductor L1 and a series inductor L3 
connecting L+ to T+ and a resistor R6 t a series 
inductor L2 and a series inductor L4 in series 
connecting L- to T-. Lt and L2 are inductively 
coupled inductors as are L3 and L4. The junction 
point of R5 and LI is connected to that of R6 and 
L2 via a shunt capacitor C4, whilst the Junction 
point of L1 and L3 is connected to that of 12 and 
L4 via a shunt capacitor C5. 

LPF is a fourth order low pass filter and the 
series inductors each have a ferromagnetic core to 
obtain a sufficiently high Inductance value, thereby 
achieving a 3dB point frequency of 6 kHz and 
80dB per decade decay of the filter lowpass char- 
acteristics. The resistors R5 and R6 determine the 
DC attenuation whereas the shunt capacitors C4 
and C5 together with the series inductors L1,L2,L3 
and L4 determine the fourth order behaviour of 
LPF. 

When the POTS signal is too strong, the series 
inductors L1.L2.L3 and L4 of LPF saturate e.g. 
when the POTS signal is constituted by a so-called 
ringing current. The inductance of an inductor when 
thus saturated, is smaller than its inductance when 
not saturated. For a frequency f and an inductance 
I, the impedance of a series inductor is 27rjxfxl, so 
that the attenuation caused by this series inductor 
decreases as I decreases due to saturation, and 
that a same attenuation is only reached at higher 
frequencies. This decrease causes the 3dB point of 
LPF to change to a significantly higher frequency. 
Consequently LPF will also pass the lower part of 
the ADSL frequency spectrum and a significant 
part of the ADSL signal is thus lost via LPF. 

HPF includes a transformer having a primary 
winding L7 and two identical secondary windings 
L5 and L6. H + is connected to H- via the series 
connection of a capacitor C7, L7 and a capacitor 
C8. T+ is connected to T- through L5, a capacitor 
C6 and L6 in series. C6 blocks DC signals supplied 
via TL and the transformer reduces the ADSL sig- 
nal voltage by a factor n towards ATR, whereas it 
increases the ADSL signal voltage by a factor n 
towards TL. HPF is a third order high pass filter 
having a 3dB point frequency of 24kHz and 60 dB 
per decade decay of the filter highpass characteris- 
tics. It is to be noted that a change in the filter 
characteristics of LPF due to saturation of L1,L2,L3 
and L4 does not significantly change these high- 
pass characteristics of HPF. 



ATR includes a high speed modem MOD 
which is able to transmit and receive data over the 
telephone line TL and is of the type that encodes 
data elements on a set of carrier frequencies, in 

5 the way described e.g. In US Patent 4679227. In 
order to optimize the allocation of data and power 
to these carrier frequencies, the power loss at two 
predetermined frequencies of the ADSL frequency 
spectrum is measured and stored by MOD before 

10 data is transmitted. This power loss is indicative of 
the attenuation caused by TL, for POTS signals as 
well as for ADSL signals although these two pre- 
determined frequencies lie within the ADSL fre- 
quency spectrum. 

75 The measurement unit MM measures the at- 
tenuation caused by TL, using the above measure- 
ments stored by MOD. When this attenuation is 
above a predetermined threshold, the control signal 
CS provided by MM is deactivated. If on the con- 

20 trary this attenuation Is below this predetermined 
threshold, CS is activated. This predetermined 
threshold is the minimum attenuation needed to 
avoid saturation of L1,L2,L3 and L4 by the POTS 
signal. 

25 Before this attenuation caused by TL is mea- 

sured, CS is deactivated. Eventual saturation of 
L1.L2.L3 and L4 during the measurement of the 
power loss at these two predetermined frequencies 
does not result in significant additional power toss 

30 at these frequencies via LPF. Consequently it does 
not matter whether or not PTR is sending or receiv- 
ing a POTS signal and how strong this POTS 
signal is at the time of this measurement of the 
attenuation caused by TL. This attenuation caused 

35 by TL is measured only once before ADSL data 
transfer. Afterwards CS is either activated or deacti- 
vated only once. It is to be noted that this mea- 
surement can be repeated after a predetermined 
time interval or that a more complex set of rules 

40 can be used to generate a control signal. 

Thus, when CS is deactivated, a POTS signal 
received via TL is passed by LPF and supplied 
directly to PTR, whereas a POTS signal transmitted 
by PTR is supplied directly to LPF and passed on 

45 to TL. On the other hand, when CS is activated, a 
POTS signal received via TL is passed by LPF, 
attenuated by SL and then supplied to PTR, where- 
as a POTS signal transmitted by PTR is attenuated 
by SL and then supplied to LPF and passed to TL. 

so In either case, the POTS signal is blocked by 

HPF. Furthermore, an ADSL signal received via TL 
is passed by HPF and supplied to ATR, whereas 
an ADSL signal transmitted by ATR Is passed by 
HPF and supplied to TL. In both cases, the ADSL 

55 signal is blocked by LPF. 

The reason for the RC network to be inserted 
between PTR and LPF is that in this way saturation 
of L1,L2,L3 and L4 is avoided if the signal supplied 
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to the POTS transmission branch either by PTR or 
by TL is not sufficiently attenuated by TL, such 
insufficient attenuation being indicated by the fact 
that CS is activated. 

While the principles of the invention have been 5 
described above in connection with specific ap- 
paratus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitation on the scope of the invention. 

70 

Claims 

1. Signal coupler including a first transmission 
branch (ATR.HPF) for a first signal and a sec- 
ond transmission branch (PTR t SL,LPF) for a 75 
second signal, said branches both being coup- 
led to a common transmission line (TL), said 

first signal having a first frequency spectrum 
and said second signal having a second fre- 
quency spectrum, said first and second fre- 20 
quency spectrum being non-overlapping, said 
first transmission branch including the cascade 
coupling of a first signal means (ATR) and a 
. first bandpass filter (HPF) both adapted to said 
first frequency spectrum, said second trans- 25 
mission branch including the cascade coupling 
of a second signal means (PTR) and a second 
bandpass filter (LPF) both adapted to said sec- 
ond frequency spectrum, characterised in that 
said second transmission branch includes a 30 
variable impedance (SL) and that said first 
signal means (ATR) includes measurement 
means (MM) to measure the attenuation caus- 
ed by said common line (TL) and to generate a 
control signal (CS) adapted to modify the value 35 
of said variable impedance (SL). 

2. Signal coupler according to claim 1 charac- 
terised in that said second bandpass filter 
(LPF) includes at least one element 40 
(L1 ,L2,L3,L4) of which the value changes when 

said second signal exceeds a predetermined 
threshold. 

3. Signal coupler according to claim 2 charac- 45 
terised in that said element (L1 ,L2,L3,L4) is an 
inductor. 

4. Signal coupler according to claim 3 charac- 
terised in that said inductor has a ferromag- so 
netic core. 

5. Signal coupler according to claim 1 charac- 
terised in that said control signal (CS) in- 
creases/decreases said variable impedance 55 
value when said attenuation is below/above a 
predetermined threshold. 



6. Signal coupler according to claim 1 charac- 
terised in that said variable impedance (SL) 
includes a first impedance and a second im- 
pedance and switching means (S1,S2,S3,S4) 
controlled by said control signal (CS) and 
adapted to selectively insert said first imped- 
ance or said second impedance in said second 
transmission branch. 

7. Signal coupler according to claim 6 charac- 
terised in that said first impedance is con- 
stituted by an electric short circuit whereas 
said second impedance is constituted by an 
RC impedance network which substantially at- 
tenuates said second signal without distortion 
and without affecting the bandpass characteris- 
tic of said second bandpass filter (LPF). 

8. Signal coupler according to claim 7 charac- 
terised in that said RC Impedance network 
includes a first and a second series branch, 
said first series branch including a first resistor 
(R3) in parallel with a first capacitor (C2), said 
second series branch including a second resis- 
tor (R4) in parallel with a second capacitor (C3) 
in, said first and said second branch being 
shunted by the series connection of a third 
resistor (R1), a third capacitor (C1) and a 
fourth resistor (R2), first terminals being con- 
stituted by the shunted ends of said first and 
second series branches and second terminals 
being constituted by the non-shunted ends of 
said first and second series branches. 

9. Signal coupler according to claim 1 charac- 
terised in that said second bandpass fitter 
(LPF) includes a first and a second series 
branch, said first series branch including the 
series connection of a fifth resistor (R5), a first 
inductor (L1) and a second inductor (L3), said 
second series branch including the series con- 
nection of a sixth resistor (R6), a third inductor 
(L2) and a fourth inductor (L4), said first induc- 
tor (L1) being inductively coupled to said third 
inductor (L2) as being said second inductor 
(L3) and said fourth inductor (L4), the junction 
point between said fifth resistor (R5) and said 
first inductor (L1) and the Junction point be- 
tween said sixth resistor (R4) and said third 
inductor (L2) being shunted by a fourth shunt 
capacitor (C4) as being the junction point be- 
tween said first inductor (L1) and said second 
inductor (L3) and the junction point between 
said third inductor (L2) and said fourth inductor 
(L4) by a fifth shunt capacitor (C5), first termi- 
nals being constituted by the non-shunted 
ends of said fifth (R5) and sixth (R6) resistors 
and second terminals being constituted by the 
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non-shunted ends of said second (L3) and 
fourth (L4) inductors, said at least one induc- 
tance being constituted by said first, second, 
third and fourth inductors (L1 ,12,13,14). 
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